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A 0 zatr isnilo 2crossa Dootional. area, square foot

A9 = aspecit r-atio, J

b win,,, opan, foot-,

C D drag, 0oo ictioont of RRPS D/'s
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P drag,. poundz

s aoccleration of gravity, feet per second per sooond
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WP PropONIllnt woicitt at start of" Zroegot trajoctor, bs

4rtotal Croas ta'te-off woight, lbs.
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-zg Investigationpf the Ram Hoo icot

flancge calculations were made for a long-caý.ge nisesile

using a ran rocket as the powrer plant. These calculations

are the first of a series dealing with various applications

of rthe Pam rocket.* It 106r felt that the long-roitLe gulidod

nL~aoile, wh-ile porhaps not the* ideal application for the ram

roQol..t, has certain requirements which the rwa rocliat otn

uniquely i'ulfille . or example, the ram rocl~et can supply

the thruct repiirod to accelerate a mitneilo to design oon-

dit ions while oofnftn=1gi onit a part of the propellant weight

roqutro'l by a co-parable bocaot1or, and can thrrn powie' the wis.

Bile dutring the subsequent mid-course or Dreguot trajoetozy.

Thie dual role, made possible by the wide thruc-t variation

uvailable, Is only ono exctmple of' the usotttlnoes of the ram

rocitot principle.

The mmn roc~cot poweor plant was adapted to tho structure

of' the Triton r4oaile,, a 2000 ndlo range rar4lot using, JP-l ac

n ruol. 7hle adaptation procedure then allowoed u diruot comt-

parison between the ronjet and ran reitet power plants mid

tV-'r ofToct U:Om aouh orltton-1 variables as rat, ross

trZ.:o-otawigt and bz,,usto' sizO. The main body of t~he Ara-

port toi concorned w~ith doscribin~c the aset~ptiona that were

P84u11'n'! In ndnptinr thný rcin roct.,t to the ';*rltcn oonf"t,'¶raz-

tiSic,



2.

Theo fhui used in the ram rocket described herein is

methylacetylene. It ehousfd be noted, however, that due to

present high cost oa mnothylaoetylene, it is hoped that

cheapor fuels with similar oharaotoriatioc will be found.

Moleanibl msthylaootylene is used in those calculations

to illustrate the typo of fuol that is theoretioally do-

si•ableand, at the s=o time, aotuall availabole,

A or.nry of tho results of these caloulations appeare

in Table III* These figures indloate that the ram rocket

can obtain the some rantzo as the rocket-boosted rmjet with

a lower total tako-off woeiht, on well as a reduction in the

required booster size of the order of 8%1. These savings

ay be dtlrcotly attributed to the lower specific fuel con-

eomption of the raw rocket durtwr the accoloration phase as

comparai to the specific Luol oonsnptlon of the boooter

rookot of the rm=Jot mlseile.

Pue to the unique depoedonoy of the ron roc.et porfdrm-

onae upon altitude end tlight epvud during the acceleration

period, It Is cugosnted that fxuther invoctigtionm be made

into the problems of eotabliahing an optimum acceleration

trajectory for this typo of power plant,

I F
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i1. Introduoticn

It is the purpose of thim report to tnvectigato the

application of the ran ro~cect as a power plant ffoi a

long-range guided niosite.

The basic yenr roohet, as described In lleferericee()

it an air-hreW-ttr..g let P-ropusison doviuc oonslottrZ of a

~ifhs~9 o~ztn~tonohon--bor1 and exhiaust noL4z1o, V'uel. for

the oorbustlon ch-arber Is providod by the oxhauct gasoz £ro,

ono or nor's rnaca~ts nountoS at the exit of the dltfusmor.

Pls'.u'o (1) ie a schenatic repreaentatlon of a ra~n rociret

wit t ori;traflarea cornbuottuýA T1hwrbvr*

71%e porforwmnceofi the ran rocke,.t naturally doponds

ty~on the chemiceal energy available In t~he rcokotb exhausts

For tidoit reaaon, as well a~s the poduz-tion in woight made

possible by the elimination ofr an oxidi1zer and Its attexw

dant tankmw up, and piping,, ra mnopropollant !system ia

AIn acctyicno-t-o zonopropoullrt vi,ýh a hugh noýZativa

host of fomration '.'. ideally auilted for' USO in the r=

rogct,%a and horce ns thylnacetylene,. 0-1144 was used in the

calculationt domnrlrbed in thid v~opnrt. rdith a epecifio

vUhwaie al~proaolhine 200 sicondz et a ohrvber prosexiro of

300 ps) tWc deoozp-~osition pro&iaots of lictbýinle otylonm3

have a. re~Iiiel oho ýicznI ýnor~zy avalloblo for ,ort~uztion

on the uvcdur of i3*½ tu par' pound, tdoh C&2ýpare5 favor-

etl ii%, tlb 1"JC000 B*tvl .or pcouna avrii0-01a ir, a zn

C; at IFIDX
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At Eupersonie speeds, tho-"for, it may be expected

that spooific fuel consunption of the ram rocket will be

rouehly equal to that of a ramjet. Also, due to the nature

of the fuel injection process, there is a poasibility of

obtaininz a combustion efficiency suporior to that of a rem-

jot* This variation in combustion efficiency and other basic

differences between the ram rocket and the ramjet will ba dis-

cussed further in Section IV.

Assuming for the moment that at ome cruise Mach number

the performance of the ram rocket and the ramjet power plants

aro identicals we see that, for a given range, to obtain anr

decrease in the take-off gross weight, it is necessary that

the fuel consumed in reaohing tho doesign conditionA at the

start of tho cruise trajectory be mnAnimzed.

To establich tho im1ortanoe of reducing the fuel con-

sumption during t1o accileration portion of the flight path#

it 1e convoniont to uae a iwdifiod foro of the smpl Br"u-•'

range equation. It ha3 boon shov•n in Reforenae (1) that for

an air-broathing en.Zine ouoh as the ranjet, the B1eguot tra-

jectory is the optian-rn cruising flip-ht path. Ad will be

shovn in Soction V!, this -odifiod range equation uay be

w1rittent

= 5~92' In .. (1

whoreo t1 r ra.i- o in nautical iloo

V =c0-u'ing vOlocityi feet -or second

S=aocific fuel connuza-tion, lbh ,,A per
hour per 1b, thrust

CWNLRAL



(L) rmaximuAt lift to dra.g ratio at cruaise velaociTy

rr~tto qf propellant weight to total wei~ht
of 7Assile at the besinning of the eiovv1i6
trajec ttry.

Aazittng that the missilea tinder, eonsider~.timin are aerz;-

dyna~nioally identieg,ý and that the power plants have equal

s?&OifiO rawl consunptions at thri cp'uiee velocity,, we may now

Substitute aoz~e reprosentativo values in Equation (i) For *ex

rzple, lot -,aa assvnei that ito llwn fgue are applioabio

to a lottge'Ofl345 nieialItz

Crimiso Xaoh nunber =3.3

Cruise volooit-'y =2174 fast per second.

Specifct fuel constvxiption 1.6 lba./lb-hr.

WHith these veluts, 3ouatioa (1) boconesz

ftm432$ 1n

Suppose n~ov that the =pty weight of all miseilos tE

-OOC lbis.. and consider the effect of a variation of Oa

24,000 8,00O *6671 121001 .600 2.5u .9163 3970

24000Z 6,ucr .667 18,030 to0 d"'00 .6931 3000

24,000 b-,o3 *661 4,u0; ~333 1.,0 .4055 1756
-14,000 8,CQO .667 2-n) 92-6.25.2

c 21, jj 1ý 1.X~25 1iAL

&c L tf ItL
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As one gould expect, the effect ot the louarltluaio tar=

in the rangeo equation is greatest for low values otfQ AGO=~-

irIc a total taIke-oftnntg.ht of 2Ls,OOO pouids, an icroaaSs in

Arror..333 tol .500, vhich represontr -a '3"2 decrease In the

fuel required to roach the A-Raigjp flight conditions at* the

Btart of crulao, vill produce aninoroaso of 70,ý In the cruise

Prom this simple coripnarison, it is evident that a power-

-plant that can start tts 3reguot trajeotor-1 with the highest

value or Po all othe-.r things boing oqua., is the power plant

that will doliver a given pa~load the JI'Oatest dista.ioe, or

convoraoly, will deliver a. given payload a required distance

with the mini-Tan total tL.-h.o-ofC wei_ýht.

Thosu conaidarations, then, load us to the rolmof

Mcliicng aOmlD to roduco, the fulrc~:cI to roach the initial

cnuico o--eratinZ point. Thei roý,jot, boosted to th~is :1.oint by

ruowns or a solid or liquid Duel roeckot, is co.r--itted to a

lnrrci total taIko-ofC '11ch ur ro2.tonnblo valuo of 1> 4

desired3  The :'ecot-bosLotot rwijat 7nay hiave boortora on the

ordear orf¼ or ý,,rio o." thi total. tal:o-ol'T o§t depending

On Ulio docolro 'init.ial cviire altitude and 11ach irvitar0  It is

th';,r purwoso of t',iz ropoi't, by i~oauia of u ~:3 ocirio oxa-tlo, to

Dlh.ca thqit the ogtil irobla:.s of autVotO~ :ifi8&l.

bo r!tcJby If1.",To r,,o roo'ont .,ownr tlrmt, Irhich wi1ll per-

-At a l1.o,-Aoto L W tota~l oxtCarnil bon o;~ igh.tv ro-

mcOX~~'O o'4tOO Qý 00 1oi &Pav.on bcti;;,oon a r&C,,Iot

SCUIFiTY 1rtIAlt



missile and an equivalent ram roocnt missile. Obviously,

care r-st be taken in naking suach a oonparlaon, since the

renulte are largely de.)ondent on the assumptions that form

the baais of the caloulations.

It was depidod that juffjnlnnt Publisnhed inforration

conoorning the perform-anceo design0 and woiChit oalculationa

for a raujot missile such as the Triton was available so

that a ooirparinon could be made with a minimum of effort.

"The Triton is a rochet•-booaud ramjet of 30,000 pouxnd total

take-off woight with a 2000 nautical mile range. This miss-

lie carries a 3000 pound payload and has a 4 equal to .1 4.

The complete analysis of the Triton missile appears in Refe-

ronce (2).

In order to calculate the acceleration trajectory of the

ran rocket missile, aorodynamic and poworplant data ovor tho

roquired '!aoh nuwabor raneo must bo available. The next few

eootlona will discuss the assumptions used in obtaining this

data.

I@
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III AoroQynagio Data

Due to the nature of the calculations for the accelera-

tion trajectory, aoro-dynnnio data for the ram roalcot ,Aisuilo

is needed over theoentire 11ach number range encountered. WIhere

the Triton and Ito boos-ter accelerated to a design M.ach zlumbet

of' 2#4 at serz lift, the ram rocket missile, which we shall

hereafter designate as R7'11, is assumec to vary its angle off

attack so tht1.t a Wcztn s~o of climb may be inaiLntained.

Since the aerodyzxaio data for the T2riton wr.;' unapplicablo,

anothier means had to be roun=d to obtain roaronable data. Thoo-

retical oalou~lations to obtain aerodmwii~c data involving

vine-body combinations aro leghyzd of questionablo accur-

acy. It was docided that oxpro±'Lzontal wind tunnel results wore

the most reliable sources of infoitt-atien. Thovofox'e, all GX-

p-oriz,,ontal dnata available at the ttno1 W=~az~iid It vas

faund t~hat the -,-oat tnro:'rsttoa- was available for a combination

utilizing a delta ring. and a cylindrical body with an ogival1

nose* All the data corrospondin~g to this basic configuration

was p-lotted vorous Clilc'ht Mach nw-,bcr, and a mecan cur-ve was

drawn through these exper~imental points,* Thiso cwthod thus

provided conservative data for a hypothotioal misnilo that

roprosonto a practical dosign proven by ox:;erii~onta1 toots,

?ig~uros (2) trouh(6) are the resuilts of thin survey,

with the ahluded nr:ýan ro~proaam ting the spread or all the data

obtainded Al. otý t!o atint botweon the "Much nwibor rangea of'

o to 2.5 are fron *xncrirtontal vi-nd tunnel invoetigations,

#eWit""rWW1r~1
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while the data tar LYaoh numbers higher than 2*5 was extra-

nolatod vith the aid of t~heorettoal calculations presentedl

in Reference (3), It was necessary to &ssetL4  a parabolic

rolatien. botvenn the lift and drag ooeffficients to obtain

these cootficionts at angels of attack other tLhan these for

the mima1T lift-to-drec ratio,

17/1th the asewiption of a auperaon~ic inlet under all

operating condaltions, no correction for the opon nose re-.

quired by tho Triton deoign was atteoupted, since in most

oauos, the form dras of the duoted ogive is approxinatoly

equal to tho rormt draig of a correnpondirZ solid ogivol. nose,

In this caseg, the nocossary av-suneption that those form dross

are equal Is based on tho fact thiat5 for the proper dif-fuser

design# the Wvo-rdisiennionn1 flow at the dtcawdor cowl lip

rroduoos a P~voo-ýurs di',tribution that, vihon intugratod over

the mialler area of the duct-od nose, produces a pronauro draC

rnnc~hly equal to the dIrag produced; by integrating the three-

dI,,onniona2 preenurce dvistrlbvition of the solid oglyal nose

over its largeor armas This &nump:tion in put on a more con-

nervativo boola by, noc-lcctinc the lowor £a'iotion drag and tho

ino!,ons~d l ift at nrv~loa of ottac., avallvnblo v.ith the ductod

Pwo d!.trf-mcntL. oo:,,tigvntionc rol-c conoidorod: ono with

n iviner-to-body7 mron rrtia of 4'-n* and r.,% nu'uyoct rntibo of 4o,

rMn the oth~or aIth, a~ -7inp--to-body :rntio of' 10 and an a~npact

rnitto of 2. Ut inir Vic theororecai :iothod orf actlculatinc : irt

rind drar aa.7ltoti tar- supor~onio wing-bctdy conabinationn

co~flDI lAIL
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indicated in Reference (L)J, It may be shown that, 'all other,

quantities remaining oonstant, a reduction in the wing-to-

body aroa ratio from 20 to 10 will have a small effect on

the aerodyr._±c ,:otffioients, The relative independence of

the aerodynanic coefficients of the wing-body oombtnation

on changea in the 'i1ng-to-body area ratio is also verified

enpcrimntally in Roferonoo (42). Hence tho data shown in

Figuros (2) through (6) was usod for both configurations.

Three of the four caios considered have an exterpal

aux1liary power duct mounted aft of the center of gravity

on the top of the fuselage. Tho purpose of this duct is

diseusood in Section V. In order to oorrect the aerodynamic

data for this deviation fron the experimental configuration,

it iaa atunixed that this auxiliary power duct was at zero

anglo of attack at all tineos The oorroction then conmisted

of addiM on the mninia drag of the auxiliary duct, obtainod

fren "ileforenca (9), and modifyino it by the ratio of the

maxi=u auxiliaxy duct arua to the total wing arba. Since

the auxili=y duct ia rolatively small, the error introduocj140

byr thn aosunption of zgro angle of attack is nSligiblaa--ae'

auxiliary duct Ia aocured to be rxctqd onta suffi-

dient dintanco fron the wings and bokdy so that the intorfeornco

etooet nay be nogloctod. In i.eforonce (43), It is uhowrn that

the anoun!pt.bon of n,.-i.IIble intorfcnaonco offoc*-i is conzorva-

tivo~, tinco proe)r ..n. mt of tho 'ca!ý.1Iavy dact can reduce

the a.-tal :a-g forco by ne r uah E. 301- of the ctumn of the draig

orces of the Li CX, Co:a .co:.o..

CMFIDfDC IAL
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It should als~o be menticoned th-,at the tail. area that

would be required in a ::.orc) detailed aerodynan~ic design is

aszuzed to be part of the total wing area. ?hi3 approx-.,aa-

tion is necessitated by the fact that the maj4ority of the

modedls te::ted in the .-ind tu:nnels ha Otail assemblies.

However, me noted 7rov1ln4sly ir thine neetl1on, a sl±~lht

OlmLge in wingrw-to-body area ratio has little effect on the

oerodynnnio coeffioiontpe T1herefore, asnnirig that tho

n~oan oflciotivo wrglo of attack of tho horizontal tail sur-

facse is nnproximately ec~ual to that of the nain winzg, and

thrnt the Porn, and fr.iction drag of the vortical tail sta'-

f~ac in smtall with rospoct to that of the rest of' the win~g-

body corbination, we sea that the error due to th~is coripro-

mi~sc lis withiin the limaits of acc,.rac-j of the aorodyn1.o1i

datla itooll'.

It in essential that conservative aoi'odynanio data bo

used In tho stop-by-otfop oalou~atiion of th~e acceleration

tralioctoxy. Z-Von tltouz7h the rrocodu~ro described aboove

utilites data tiA~ doozG not strictly corrosn)ond to the

Triton configruration, 16t is an oasy method of obtaining

accurate data on :oP-'abls to a cunorsordo .Aovilo that in

ra oýronontativeofC present-day doelrn. Mhe radical departure

of ta~o ?Ufre= I~ho rocklet-boost '-tye or t.-ajoatory nooerisi-

CCNFIMSWIAL
SS URrrfTr I Of
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IV ?c'wor Plant Data

In I'leferonce (589, a oompletoe ttscuseton of the theo-

retioal devolopuaont tailowed to produce tho .per-formanoce

fij7uros Caor the rana rocket is presonted@ TIhis perfornncoO

is discusnod in turnsa of twro paranetore: specific ruel con-

swm-ption and thrust pox' tr-It ne-rlrnum cross sootioi:Aal urea.

The1 dAta covorn altitudes up to 100,000 foot for duct mixture

ratios betwoon 15 and 30. ?or the acce~leration phase of the

fii1v~tt9 however, it icia ntqesaary to extrapolato this data

down to values of' thu duct mixture ratio on the order of 2

and 3 to obtain the thruut flooOOsaZy for aocoloration9
A brief renroration of the assumptions upon which tho

thoorotical portozmlnoa data is based will perhaps be helpful.

First, It was a&ttnu-od thiat tho diriuaar oporation was on-desijn

at all fltght spoedis. Ina addition, aci onistant burner inlet

ý,ooh number was marintained by the use of a variablo ceoznotry

dittuuor and exheuat nozzlo. Secondly,, th) effects aof friction

ani heat transfer sro nozlirib2.o. Finally, it ivas acaumed that

t1ho inf'Iuenop of' tho variation in altitude and anglo of attack

on tho coibuntion olftioioncy is also negligible. This asounp-

tion is Suat~t-ied by the fact what the fuel in intr'oduoad into

thc oloubu,2tion chairuer its a hot, high mf'lacity gas2 Otroam Oown-

>,oosd moctly of hydro'on nnd cnrbkn. A comnbustion c~;

length or aboutt 6 ilrvwotoz's wna uv.Ad in thoso crclicilattono,

thoth oerinonta1 invcntir-ntiona of %'J QAnroblora Indicato

tinat in -trnotico artifloinli mounE runot ho onplc'yod to obtain

ad~uli!AUAovulr Lhatxilfl XOT1~th r'3z tuned. Obviauoly,' the

CU4YIDMIfAL
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forescotng aasauptione ares rather optkmifitio, but off-design.'

trftjeoto17 calcuflations are prohiibitively laborious,

we =anit accept the reiulte as those starrint from the use of

an optirimi pcowor plant t-hat can be appnroachied In practice

with tho use of variablo gooniotry7 eqaipnont.

The priniary advantajo of the rwx. rocicet is Its ability

to deliver a vtrying tVxsLt, with- a rmiltarly va'yinz specific

fuel oonowmption. Po aoconplish this., a variablo racirot mass

tie-n iist be available& To do this' in pracotice will necessi-

t16ato the uso ot' a battery of rock~ets in the main duct, with

perhaps the adlditional requircx'¶ont ofat' a mallor,, auxitlia:7

duct for orulsing.# The maxdzwini roe!'et flow roqu~.red it; covor-

ned by tho rafr flowi tY-roitzl the duct at low altitudes and low

duct iiixtui's ratios. The tintIW= rockot mnass flow, is fixed

by the wean oraining condit'-on akt high altituc1es, whore thle

oritovion off co~nntant volocity wuill doriand a thrun%.t nhlioh is

a nrnnll pni't of' Uio t' .ruiot re;:uired 4luring accoler.ati.on. The

auxzilinry &lict and =r01tiple rooko:ta; in the nain duct provide

the iaoana of obtoarniN:4, ;A histn-tct variation withaout, oxcoed-

ing. ronsonoblo, conlustion A:,:ituro r~ttios,

In nw'u'--ay th1-on,, it la expocted thrit 'Cho thoorotical

ZfL~i "Oo'Oft 'Jill ovf'd.durcu cortain ndvantoVon over the ranjot

as a povrsn plht for a .inernp:'onio 1on--rar!.o Cuiiod rld'silo.

First'. tho oYiýtnation of ruicl of the sonnitivity of tho von-

buation ::'coocse to clrirgeo in caltituide and opornting condi-

tiens will be thercol of' the tuiilquo jiot1od of' :uol in~oct-

i on. tio ýue2 r-onsuntvloln of the raj. rncl.:oto k~Xtrng acoolora-

NNflrN.c wA
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tion 18 subGtnntially o02C than a solid or liquid fuel

roeket boost tystem for a ramjet, and hence, for the saue

total take-orf voi!ht, the ran rocket will have a higher

value of > r The size of the bocster and its attendant

logistic problems may also be reduced tQ a mini== by the

use of the sclf-acceoerazing ram rocket ;:ower plant, This

rsduotln in the required booster size is or prizary iL-

portanae for oortaln applications such as ahipboard launch-

Inzc.

- a --



7COW
CONFU M1 L 15o

V Adaptation

Me next problem that should bt mentioned is the rsther

arbitrary task of adopting the rm rcckot power plant to the

Triton talsile. Shnes completG stress, wei~h,, and layout

calculations have been made for the Tritor, Cootirvntation, a

ntnimum mn.ber of charigos is desirable. The most drastic al- 4

teration v" nocassitated by the addition of 4ix di.neters of

-cbuaticn chcmbsr length to tilow for an adequate mixing

ls•gth. Fran the design analysis in Reference (2), an esti-

mate or the weight per toot o4 the onttre cross section of

the missile Aen oc made :t a station that includes the ItI -

bustion ohnber. This fiSur-* may then be multiplied by the

necessary lngth Increase, and the result will be approximately

Aqua! to the weight that mvxt bd added to the structural weight

to ca1)ersate for the -siaeleength increaaee T'he il1e hcldena

and fuel injectors of the rnjet engine ri,ll be replaced by a

cimLat!;r of rockets and their i~innorra- Xt !L% ci6miý4 that'thim

chunge will have no effect on the evorall body woight.

Urrn Reforonos (6), it was poasibla to reovaluata t• o

uirig weights, basins the oal'utation ron a winr of triarn2lar

4lnkao and '4 thioknesan As would bo expeotod, thn aller

aspect ratio and area of one of the tvo '4nga oonsidered allowed

& decreane in the structural weight, whoreat tho larger wing

required an Irncroaae in tho ctructt"al weight over the tigure

used for the original Triton conftguration. Othor minor chaneges

Inc-luC'ed af welz add!tion to allow for the 'vsriable diffuser

.. _f K...l-- .l
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and exhaust nozzle geo-metr$, Sirm--e the -ockets in the main

powsýr duet *A-o inoparative during the cruise trajectory, W~e

throe r= r;ocket ::iAsiloa with awdtitr power ducts would be

u-ndow a handicap due to the in~so1 drag caused by the

cold flow throush the main power duet. One method of c~u

venting this siwvarion would be to jettison the diffuser cowl

a-6 the start ot the Ereguet flight pakth, and, withl -14tho aid of

the variabie6 dli'tu.-cr equipmcnt, nontiton the spike of the

diffuser so that it closes off the entrance to the main power

ducts Tie result 5mag con' ¶suratiort is showif at the bottom of

?iguno (3)0.

7The auxiliary duct weight w"as etiated from Reference

(7) on the baste of an avdrags, burner diametesr of 2.5 faeet.,

ifl allt caaesr the z=u of m~ain burner duet area ead i-u~xiliamry

duct burner are& was kept constant at 16.15 aquarzo Zeft. hI~s

figure oorrespondo to the riaxtrux cross sectional area of the

mtru!1q body, end, fer t~he co"c~l1 zof r ýauxll~atw duiti !riut\.

would represent a combuetion chwtber occupying the entire cross

section of the missile boday, Eoiworor, &a rn-ntlýt'nel prtvicuoly,'

it was convonient to h&YQv an au,01l--Tery du-ct available to satiafy7

the., cru~sing condit~on of conatant velocty.s Thu trota raqutred

f~zj th'#i &tiLKLar'Y duct dupvhOb on t~lo altitude bnd cp~a or

the cruise t-ra 4-" t ory, and will vary for the four cAsos con,-

eiderord, $tnoe the variation is &nall, It ±eas aassuried that the

offset. on the body uei~tit was rioi21giblo. Thi.s appl~oxtnratton

was juatified by the fact that the c=c of the areau, of th.e two

rýCO FLTDERTAT.
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bu~rnen was kept conatant, and honc-e the S= of the iieights

of the two ducts will also bo roughly constwnt. This &e'proz-

timatlon also 811owad a roe&lf stimplttication In the tvraject-ory

Mnotno~r alteratton stemmed frcm the fact that the RMis

enzentia~ll a- soiglo-sotao missile. Afl1 the fuel rsquhtci

could not be carctoid internally wtthouzt a major change in the

Triton dinonsiono, hanco an oxtornal, diopoaabZ@ fuel, tank was

added to the SELMt This muxiliary waana s~uned to fit close to

the belly of tho rA~ssile an t,0ht its Ir~fluence on the srdn~i

ooofftoionte was nogligible. About of c the fuel is c-arried

in theav tanks, and is burnad withIn tho first tfour minutes of

fi. ght,

Finally, It should4 bo mentioned that duo to the requxire-

monts of l.aunchin~g from a stationery position It is nocessary

to have, a snall solid-propollant booster for ttkemoft assis-
tanco Q he bWoeStor roktwas Solected froimý Rloteroncc (AD, &wi

has &a tvarestrioted burning the of AfouAr euconde whtle deliver.

ing alroat 50,OOO0 pavpzs of thrust. Threa or these units; were

uatod, and, at th~e law4ching srglo aaauz=od, the total. irtpulse

proviaed by the thwse units., war close to tho required rmifltmUfl

The total booatta-, weoljit foý.7 the 13UX waa aný:roxinatoly onq fifth.

of the Trviton bivoster woight, and the 06wee only .140 'xto
inUUUI.,os.ua a~l .z-_rl renuiro thn iinin ofAtik5

off ra-.p.

A brict sunrsry of the caluleat_1cns outlined ibove appears

1vA Appendix A.

SECy~.d~ 461 .- Ih&A
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Ufi! section contains a brief review of the simple equa-

tions used to calculate the acceleration &rid cruise trajector-

lea.

First. during the acceleration part of the flig't path,

It wa5 necessary to use a step-by-step intogration of the

equations of motion, Considering the ntss4l4 as a point mass,

rind rostricttng Its rovoc.ent to a vertical plane, the equations

of motion in the tangential and normal directions to the flight

path mray be writtun:

W dV , Tcoga-w D - Wstn9 (i)

U V dQ, Tsino.t L Wcos (2)

ihtre VC velocity of !itsise in feet pet- aecond

W= woit_$t of missile, pounds

g= ascelorstion of Sgnvlty, fevt per second per second

T= thrunt, pounds

D- dra•s, pound

L-- lift, poustds

•= a�n4 of attack of Mloenle and wirg

Sn31o of .rlntile with reapect to the horizonti2l
wbich I1 pos0tivu whon nif5lu Is olivrinsj.

WritIin5 the iIft and Cra. forces in cotfficiont form, and

assiwnina the £Th31a of Attack *ý to be &mall, Bquations (1) and

(2) b'cDEisr

ýCC*47fID'l 1AL



= U- f4 DC p S si& (3)%

whno re a Mt"ch ire

S =total vir4" aroua, sqtuw'e feat

p) &zbiont static pressure, psia

ratio 6t epsoific heats of air

C L= lift coatticiant of wins-body combination

CD &ra. coefficiento of' .-:rinR-body combinatoion

For use in the 3topwioo integration, the equations are

writ ten in an inrorsrental forn, !;here h4v and 46A &xf tualcu.

flied for a givon incremtont of ttm@ýi,Ct. Wýith this modifica-

tion, 2QUatIOnhs(3 and (4 lzi aty z'witten:
4v= a K n a Wcin&7 (

~ K CL PO M? - V"co0a(6

wto~s K YA 4' , a constant.

iPlinaXl.yr tho fnndiiir TPronot rnnga cqýuatton 1i; used to

oalou~late the crus-!ing vaitjo;;. In Rloferoaco (1), It was eho-Al

that em oonotont velocity ortie path wnc opti..un- for a rica jet,

Oo~viouo-1y V-.1a criterlon :-ay Lo oxtended to cover the caso of

the rfr, roac1:ct, A 'brtef dcvivation of the Erog~ut cquetion in

tho forn, used -,n tliesý) oalcuia-t!oni may be of interacto

Stneen th o~io;-;o In weig;ht of the rA25-illa rlurinlg crutae

WOJYIDýXT ALL
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'Is daerr-tned ytherfuol conau~tizwa rate, ta =ay witei

and1 apiplflng tM-- condition thatir 0* Rqtx-ation (7) bezonas:

ZarA--o is the 4nte~alg of th.- vzlooioty-ý ov~fl tho fiXght

time; sot

flanat (9)

0

or changwing limits.,

Rhnge cc (io

iwiero oi watecile wei~ht at time tu 0, o." at bealnirtg,.

or cruise, =M IV e.Vty yoioght, off m.I~s~II- at tý-not;

With th3 condition that 0=O~0, EquAtion (6) ±tupplioa

t~ho relatoni

LEaWTOD4 - (fl)

The valu4n at P and w. requirod to ea'Vbtay the conatohnt

vinlctr7t restriction a4re rolativý;y azaa4. Heonoo Bqutation

=1) a- bs appro.IuLatc-d by tho ?4iaUont

LcaW
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ksubstituting this identity In 3quatton (tOo) wS setrt

-)wge 60 4 g LdW 3

wi

V7 and L may, ho held constwnt by va-ryin-S the thn*anA

thet angle 0 attack. flie epoo±~'ic fuel oonaumptton will1 vz'ry

with the thrust and altitude, but for purpoaes of integration,,

th* RFC may be replaced by a mean value that i3 described Irn

th'; next section.. Integrating Sjuation (13), w6 tibtein:

A +CD

and therefore the nn~go, in nautIOai~4~los:, may be writ~ten as:I

fl r592 J In-- (1S)

Equation (5) wifll pr-ovide the vvaue of T' to satisty the

condition that 4~ y C at =-y Rach rnbabr sandattv.

flon (6) establishes the eAgl. to maintain level £ish&t durIng

cruaoo, 1.9., Os~ o.iovevor,, since for azy parttcu~lc r~

*.7 ttoe& A-: c p-ndingZ = 1fttext szio

It is equ thnirnj nixe~ of (;nQ be malntaine-4 to onsureo

~a-~rcuie., 7,M~ro1'cw, the angle of attack WA wauat be held

constant,o &nd Squation M6 the&, provldep tkro variation in alti-

ctwWnrP'Pr tfL
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tude requ~ired to 4nlntain &)as the urelght of the missile

decr~aues. This information anablen "s t caltculate the niea

thrust andA hence th* e ~lnf apecUtio fuel. oonsuption for the

cruise trsjfaotorry to use 'in the rmne equation.*

Again we aee that for maxim= range, the quantities V,

and iho kuld be ma±mized, whi""le the SPC should be minimlieod#

A 4aenzQ at tts abo~n io a power pl~ant petfor-manoe data

shows that for fltuht Mach mutSers ebcve 2, the channgea Ath

bitch mnctorr in the SECý and maxim= lift-to-drag ratio ae amefl,

and consequently have mu~ch less influence6 or, the range tha~n the

variation of the quzntity V In 6 S~ice -P 0doe sa

"o the cruise velocity ±0 increased, a h Qauntiti, V In

should be naximlred. For usual ?atuoe of the overall loading

C8at(P 73) , Uhe quantity V In 9,...inortiasee with Inorotuin~g

relocity for £li~ht apends up to and beyond the critical speed

determined by aerodynamic heating and the missile matertals.t It

n&7 thus beionl~ thfat.,up to the point at" prohibitive

vehicle wotzht, t~he maxnw rane wi~ll usually be obtained by

flying at the highest pcossible velocity coc~nsurati with tea-

peratur3.3trOl9 limitationsA of the Z-At86&lo conttrzaotion.



A aumary of the resulti Is presented in, Table 122. As

pro-viously mont toned,, four oases were ocalUateld for compuri-

ton with the Triton rsraet missile. T"_ trQue1 of ts"ect

ratio and wjtn3 area wo~re conatdeord, as well ts W-:!o Q'igzht

'I"ch mzrrb'ora. In aidittlon to he*'uing a lower wing weiLght, the

fliM vith the saltler wing beonefited by Its requiroe--nt at a

lower initial cruise a.1tiwude, and consequently, an aco2axi&-

tton throut,. a denoer at~ozphere. For a given ccafiguration,

the effbet of increasing the cruisa ttach nunber from 25 t*,-
4;,O is clearly sov It is Liiteresting to note that, con.-

tr"ry to rocokot rttesil. and rocket boosted rwajet niseile

teohMiqua-, it is boneticial to accelerate in as low an alti.

* tude rungo &as is con;pqtitbe with tho Dre,3uot traoaotory atlti

tudo roquiraor~nts. This oharrictorlotto In a result of the

incre~ted mar-gin of th~rust over drag, At h±c~or m~biont prose-

u~rea duo to the dependency or the thrubat per unit or-oas sectional

area ot tlw rm rocket on the prossu~re lovel. dur-Ing its combust-

io cycle*

I';urther comparison bc'twoen the TriLton mitoilo and the two

HM~ miosiles olth a dosigni tM4ac~h nun-ber of 2.5 reveals that tho

nissiles with the r a rocA4ot4 power plant stchioved approxIt~ately,

tia OatO Y'OJu4 as tne ý41riton at easainttt±411 the sane fiight

spaed, but with nlroet 20,iZ lose t~otal tako-off ;veight mnd wits

% reduction in tho booster %eight of about bO?4Z. In Iebla I!.

Uno oruisa vaaýgcao td'C the PJU Ho, 1 snd :NO, 3 arc nodified b;

r 'A i "l?¶T- A.
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w~ploylng the naL;A of TMWand SFC li1sted for' thle Ti

With identioUl aodraelnsr-1e mnd power plant performbneo, t-h!z

oorparieon saenec r~n.1 tQ show~ thie irnptrtanco of raintininin

the fulO oonounotion durtns3 the accele;rotion traloctory a-nd

lnlated that ccprb EL vaue nr2 ay be ot~talnea UwitM

sizeablo rojductiozwa In taioe-of&' anC bocorter woight.

frlton RRM #1j RMI

Cruteci SFC. hr.'1  .2 12 19

4.32 4.32 4.32

.P0 496 AJS .O5413

Pearge, nautioaJ mileos 2044 1769 1791.

No £Ztropt was made to optimize the acceleration trajec-

tory of the TUUI Ut is sanest csrtsirnly true that 8X23 other

trajectorry other than the ccnetant cr4.a of climb trajectory

empqloyed will prove =ore ada,,ttb~e to tho ran rocket characteor.

letics &ad will poitft ovon greater roductions in the total

tuicorr *01 git otf the Triton-type miicslej. A'on t~hough t;-i

conditions asau.ozd for men rockot poc~dr plant oporation ropvn-

cunt optirrmn per,7or-wmnoe, th"-e results c~~yindicate the

confetL-ptiOn during the aocularatton period and t-o elimiinato the

prolblu,-.! of large, bLLfl booatore.

Tihmeo arc cort~ait practical difficulties to be hvoercolo

cI:A I A. IU i 1



44;.

boforp the x'an rocket nlssiJ.e boccmoa a reality. Perhaps th,3

greatitot disave~ntago is the large variation in dluct uiAxture

ratio nacotsuzry t,.o eatit'ty the hrýs requircraents during both

the acceleration tad t~he cruise tr&-.ect cry, 2hýia variatiQn. in

t)na duct nzaiturs nuo oec tneCa.a?: that the rvjci~ct,

maza~tlo' msust be controlled~ by .5= auch method a3 was susgos-

ted earlier in tao repcort, i~e., a battery of rocketa3 with the

possibility of "itng tho mass flo~w from all or' pert ot these

t-ookots. Obviouely, the au~xiliarvy tower dinct~. thourh Oofls

voni04t for the pixrposoa of t~n report, should be avoided if

po~asble in an aotuoi. application.

flowover. the -~~-t and cale flatioria made in this

report arc goneral014y copoervative, and the resiflts outlined

tni this prolir~inprv invost~isation cortsilya. 8atsblish the do-

sirability7 of further ucotaile4 investigations of thc applica.~.

tion of the r=~ rocekt as a power plant for a long-rnrtge

guidod missile.
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Tc*&I iz srA/ott i" 72220 20

A"rCt- RtiQ .3,6 4.0 4.0 2.0 M.

Coisie K~ach rrnbcr2. 21 5 LO 2,5 4.o

Oro" tskt~al' weight, It.. 3Josuw 24,7G0 2L,700 24,9700 2Z14"1OrOv

BOoSzIW tistfu ,500 )450 3450 3450 3450

9,1.48 1110 .1140 Atc, .140

ýmia~ a~igt; l1bs. V 12,06,0 11s 5N 11,0 M 3U,900

ftpty weigbt(tth payload), 1b... 7800 8&890 91,90 9050 91050

Extenal fuel tanks., its. -300 300 300

iNuC in bý-y, Ihb, 7701 65-0 600065

FU~~~~~~~l~ 1j5fanltfa4l. 50 50 00 5400

Cossm iih t end of
acceleratim 1!.500 1501M& 13,943 15a,s2 130'9;

-do .4,C6 .415 .320 .413 .350
Angle at wIrmcht~ig, degrees L6 6.0 60 to 60

Arý,4s a climb#de-greea szro lift 30 30 30 30

Thtll '.t~ atiudfoot 57,000 84,00o 103,400 61,00 80,500

MAInal Tegt a~ltittdo, tnt 70,09,001 ,0 7250 0,0

Xarttn durtng cI1Adso 4,32 4&.66 5.20 4.?) 60-0

(r4.inls 270, hr.-! L92 ..85 1.75 1..nl 1.RR

Cr~dzin~g duct mixturg ratio 1 0

Acc.1.natiz tiresj Mood - .0 95 158

Rn ,p maqi ca&I kil I4 e0 2757 ~22Q 2

Ra~, c~rti~~154 50 107 IV50

a" i, 031v "at a85to 1950 2%6; a10 16

C~ JJWI ,1 i -&Ii.j
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Arq# euaR i:t 5. 222t- 1lCQ: 14.'L:4

KuimýW Pe -.r :ct:

EHup ?a f rýckejts 1 1w 13 10

Thrust p-er rocket, ibowý 0 200 100 1,m 1,00

)Aximmw=5 fas low, lbs./cec -1O 0 10 10

Areya, uqare feet fl. 1651.5 10.o 2L.5

Thrust por r-icke t,ls 94O 0:8 49t2&0 20ý50 2500

N4*bor oftuitsc h 3 3

rat5.t? 160 173 173 173 2711
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(1) -,.and Corporation:

LorU-,-ar._jo Surzf ace- to-Surz'I zio Rocket and TRanet
VisolUGs. Fli~-ht '-echwiawe. 21o-ort liumber Rl-

(2) CormoU. Aeronautical. Laboratory, Inc,:

Designi of the Triton Iong-2ani~a l'isoile. CA L/Cal-
6:7; June, 11,50, (ConIidontia1)c

Long-R=Zc~ Burfac-to-Surf ace "to-ýLw,4 ind 2 za*O
±asiles. Aerodynamics. flopoz't Nuj-,bcr f

!4nyt 19550 (Soarat).

(4) Katzens Elliot D., and Xaattari, Georgeo Zuoi

Drar,[ Interfro~ne Botwoen a Pointod Cylindrical
Dody and Triangular Yiinx~ of Various Aap ect
Rantios at Uaoh N:ambozs of~ 1.50 and 2.02. 17ACA

(5) Charyk, =Vad Sutherland, Gooroo 3.t

A Purfor-.=ce Study of tho siar -Iocllwt Po-wor Plant
and nolaltod Frobla= . Princeton U~nivers~ity Aoro-
nautii~a 1 rvineorinZ Laboratory 11oport No. 1931
t'oarohq 1952, (Rostzrialwd),

(6) Cornoll Aoronautiocil Laboratoryo Inc.:

Invoatigationi of~ 7Ieir,%ta for Wiaand Tails5 of
3upovsor~.o VToh~iolois. CAL/Cma 134-A; July, 19147,

('7) Cornall Aoronciutical Laboratory, Ino.i

Dody -'76-4 ht flct±natea for a. T'onil of L40s,=flazgo
i~t~jot a~±os. AL1 C2 -Iýu2; AWt4-,ut, 194.7o

(n) r~eniaon, 'z'ank~ Go

C"Lra,~rtlva 1orror .nca o, Zjolie and Liru~id I'zro-
all .1Thrt OyutowrnCor Docostora' and '.11f,-Altitudo

..oo3:Ots. Jot P'o~unixnon Laboratorj; Octobor,
~~959, (TIrdontlal).
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(9) einsteI~n,, ;.t!arnard I., and Davids, Joaoph:

Force =8A Pressure Characteris tics for a Series5
off Noso Inleto3 at Uach, 'N~borz troz 1,59 to
1,9q. IJI-Coical-"ISpike AII-Sixternal-CoflprOSB-
ion Inlet with Supersonic Coil Lip~. '.ACA FLU
250J30; Februaary, 1951v (Con~tidentialj.

(ic,) ladtnoyor, John C., and Smith, Willar-d 0.:

Lift, Praz. a~nd Fit~ohineZ `.orent of :Low-Aspect-
Ratio Winsa at Subsonic and $upersonio S5peocts.
Plane Triar I uar W'In6 of Aspect Ratio 2avtith
NACA 0003- b3 Sect Ion0 12 CA 1112 A50Z24a; Fob-
ruary, 19%l (Confidential).

(11) Phelps, 2;.1., and Sm~ith, W.G.:9

Lift, Drug,, and Pitohing 2Ao~ont of Lea-Aspect-
R-atio Wings at Subsonic and Supersonic Speeds.

TIang~far Wing of Aspect Ratio 4 with UIACA
000.563 hckness Distribution, Cambered and

'w~aetod for l'rapozoid~a1 Span Load D.s tr±Ixt ion.
14 rU! A5OY24bj February,, 1951, (CAoi-itidential).

(12) !!eitmsyor,, John C,, and Stophonson, J.D.i

~t't Dra, and Pitching Ucauornt o.f Low-Aspect-
Ratio *dinszs at Subsonic and Suporsonlo Speeds.
Plane Tirianicnlar W/ing of Aspuct Ratio 4. wit',
HIACA 0005-63 Sootion. XNACA iULI ACIL24, rob -
raaay, 1951# (Confidontial).

(13) Jlo~tmayeor, John C.a

Lift. Drop., nd Pitohline 2ri of loov-Aspect.
Ratio 'r~iwa at Subaonic and Suporocaic- Speeds.
Plano T'rian~gular .ing of Aspect 11atio L4 with
3-poroent-2'hiok,p Yioonrox SPection. ::ACA IN2

A ID10v ~ne1951v (Conffidontial).

(1141 &_-tttfls and 2eOitmeyor,, John C.;
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(1) h-se t-o Body Duei~n

i'or an avorage cozbustion- chamber area of 11.5 aquarn

tsott the cotbuat'ýon chrzber dianator is 3,53 feet. TV

obtain a nixinig 1ongtibr of' 6 di~notezre1 the ooný4buatio aeha~ler

v"wt be 23 foot Ilon~g,ý

It io rwoceesery "o add enextra intsrnstl fuel tank to

provi'do Lus]. volx~o for 6500 1ba. of fuel. This extra fuel

tank also requires an additicnal increase In the body length,

ýiethylacotylcno ha8j a sapecific gravity of .678, hence the

capacity of the forward fuel tcrk isý

304.0 X 2530 lbs.*

TheretoreD tho esttra intornu). tank must hcld

0500 - 8580 =3920 lbs.

This weight of7 fuel requir'es a tank v-il±o of'

330= 92,6 cubiu: feot,

A t-ar~ 46.6 inches ia anpte xd 7,80 foot longS will.

Provide

n1eB X LO.80 9246 cui; ft.

Thoroforo, the total largth roquivv6 aft of otatiou4 300

on~ tht itot1 fusellage in

7.80 + 21-00 -30,00 foet.

Of t%.13 g'iltznco, Ie.30 1: already ;7atl-ablc in thcý

Er! ton tug ozth, and hence the totCl lncratac 4n bod7, lon,2th

requtrsd is lt eftest. n16 C.t fuel f~lýt _1A Mv*Ah aw C7

1oi,. od wotsh 500 "=ins, wr;s roplacod by aa outer skin and

czt Ion cht;-ber structure.



Aasumntnog that the additional intern.1 '?ue1 tank is

consttructed "r the sazme rn~nner as th~e e'oiwatd fuel tank~ in

the ri.ndosigri, the .Cdllow!ag weight ý3&tl..atoz msn beý

Trtotn fuel text = 200 lbs.

otteative length of the Trit~on fuel tank 6.67 ft.

lsoient per £foot .) %WI-t

Thetetoro'. the a~ddtional internal3 fuel. tonIc woigha

30 x 7,7 =232. lbs.

Porthow outer shell; y-e havo thi3 following ootiinateo:

outer shell it comtu-otion chanber- 1.60 lbs.

1er~gth of obtA~neli. 7,9 ft.

woiE~ht per Loot c21.1. 15./ft.

Ths~refre, tho additional weight, of th*o c-uterZ nhlcl_ ts

2157- 21.1 1455 Xbý,.

Since 7.59 foot of o-ombuntion chartber apaoe "~e *v&Llable

In the or1aina4 Irt-ton configuration, the additional co:ibuistton

cheý!-tor ttrueture raquiirod is

23.0 -75q 1.541, foot.

VrnFeoota(7), tho cb to ikbeurcto&f a

6 t-oot dItvrotor burner wolgho 85.6 pound5 pcc.- foot, AreirAing

tint the cpoasnsoctionnl weight of thu burnor countruotiorn

v~rtoa es the eqtiar-o of tha diariot-ot, thvfl, !or ik.3 ec

dir:%tetr buýrnor, wo find that tho v-~cht,, In

x 85.6 35 1b-1, por I't.



For 15.1ý. feet of additAon..), burner les~,tho woignt

35 x 15,4 q%0 lso.

The OrlgrtflA46 ' bu. o: ubobtuik tttin~a are tedueod to

ýO lbs. Diaoe the booster weight Is only one fifth of the

orialnal booster. weidlit. Finally, an arbitrary adidttion. of

100 1b5. raprtdabnting the varic~iiO diftuiaer suori7try wae-.

a~saued, as well as 50 lbs. for &r va-riable exhauct nozxge,ý

(2) Ajzx4Xary Duct

The ra of rýhc main burner cross-sectional area and the

au~xiliary duet crosaencocttcnCl area =~uat rQatin conastat at

16.5 siquare fact, and thoretoro, for a basic burn-er area of

fl.5 squarea .1tst, thle baoio awiiar uot aea-~ 45s .5.0 AmSequaw

foot, With in ove~rafl power duct lcngth-to-dianzaetr ratio or'

3v the b4rnor longth must be 15 Loot to aatS-siy the triterton

of' a burner LIOD of -approximately 3.* The U6near iwiaitt eati-

mates can be ,rrttton as

linoear weoiht iýC com±uotion chanboar n, (2o5) X
(6)2

lltnim ub!-ht i~M outer shell -(.)

41,
1 20 lbs t/f t.

%e3S3)2  (460)

22 V Uaq'itt.
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Usin~g the above linear wot-t estinatea, thae waight of

tho auxiliary duct ia dlltifft as follows:

o~uter shell 1 50 lbs.

oOntust'.of chamber = 225 lbs.

ditikazor aind sn~ke = 35 the

roo'Kots on upports =100 is

atru It ls.

Total. wcie~ht of' auvijary duct 6000 lbs.

()Wing Weights

Us~ng the method found In Rleference (6), the) pars-n~ttr

of Intor'ozt 1C the,. qusnt-tv

whon tb a stroBE of' outer fiber in bonding, pe5ý

¶ t/c = thicL-,o.- ratio of '4ng

= plat-c~rn~ para-notei'

0C =4A12 for adeltaWin~g

Cr I rtchord, inohos

n/ 1!770
~ ~Q3



external ving area = 9• sq, ft,

root chord 13.55 ft.

fb - 25,000 Psi (Cýux'a1)
= .250

wing loading 268 lbs./oq, fto
The value of P for cae (a) 2 A and the rc1u9t:ng

A Cs:i the wingi weight por cquare foot of external whnjz a-ea

is 2., lbso per square toot. The wing weight oan theA be

writtcn as

WV 2.4x 92

= 221 Ibs,

S/A a20

t/o = 405
iP, m4.0

total wing area = 330 square ft,

extornal wing area a 251 square $tt

root chord a 15.65 ft.

25,MOW pui (2L~al)
r 1.0

tlng loading 100 1bs, po'r CqUare ft.

Theotc. t-7 c u) tz 64B the

tdng weight per cqtaere foot ti 2,63 lbSG per nquaro toot0 BTe

--- wesiAh • ooo

"2 2,63 x 25-.

" 660 Iba,
, •i9 D4 17- AL

SMtW~l ITjtW a

C2~ 3699
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A SUZ~ary o.- the weight Chang--e entailed ii dijL.U h

ram rock-et podvfr pla~nt to the Triton oon~igewatioa is outlined

b&Vow.

Item~ - Ppuinds M!h43 R1ý2 R-PJ8#3 717UL#4

Bsaci erpty wetjbt of 'iziton
%with Prylotd 7800 7800 7800 7300

±dto Iintcrrm1 fue..l tCnk 23 230 S22 0 20

Outer shall 455 455 4.55 455
Comtuatto.n ch~ber 540 540 540 540
Varitbie6 gc=-e*'y eqtdpzent 15$0 150 150 15

Auxili~ry divet 600 600 600

Wing (oxtezIRI) 6&0 660 320 220

Total wldaitioaau 983'6 V04 360 9997 99W7
TzitneenaSif~405 405 405 -4'$

Aft fvzi t~nk $00 $00 500 $00

Docater flttirige 40 4U 40 40

ri~otai tvovala 945 945 945 945
ikpty weighat or flELiLsaile U890 91490 9050 9050

it o-hould' aisow be nuntionoG that oinno the waight of the

cgtozrn4, dlopoaabl,.i Luol tank is dopendont on matcrlallo,

chisaps wid construction, etc., an artltrv~ry weigbt of 300 ito.

týaa aoit~d tar titoL- tankc .hits £igvna appears t.o be oomnritoift

Lt li hn i~ aal swillt o f tis~4 ow-tr~ri. ttr"

Q--0'ý' DO I rU- 0,
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